Angiographically occult arteriovenous malformations (AOAVMs) are poorly understood. AOAVMs include spontaneous regression of cerebral AVMs. Here we discuss spontaneous angiographical regression of cerebral arteriovenous malformations (SRAVM). We present the case of a 34-year-old male patient with SRAVM in whom an arteriovenous (AV) shunt remnant was revealed by intraoperative indocyanine green videoangiography (ICG-VAG). Preoperative angiography indicated spontaneous regression of AVM. We reviewed the literature for articles having specific citations or case histories of SRAVMs. On the basis of our ICG-VAG findings, we confirmed the possibility of an AV shunt remnant being present in patients with SRAVMs. In addition to our own case, we reviewed previously reported cases and analyzed the data from 132 patients with SRAVMs. Ninety-five (72%) such patients received conservative therapy without surgical removal, and 37 (28%) were treated surgically. Only three patients in whom an SRAVM recanalized after 39, 31, and 16 months have been reported. The rate of recanalization in SRAVM including 3 previously reported cases and the present case, is 3.0% (4/132). Intraoperative ICG-VAG can reveal more SRAVMs that recanalize within a short period even if AV shunts are not depicted by angiography. Therefore, surgical removal of the AOAVM should be considered in cases with low surgical risk.
INTRODUCTION
The spontaneous angiographic occlusion of cerebral arteriovenous malformations (AVMs) is a relatively rare occurrence. Angiographically occult AVMs (AOAVMs) occur in less than 3% of AVM cases (33, 38, 43) and are poorly understood. AOAVMs include spontaneous regression of cerebral AVMs. In this study, the authors discuss the angiographical spontaneous regression of cerebral arteriovenous malformations (SRAVM). It has been reported that SRAVMs are more likely to occur in patients with small AVMs that present with intracerebral hemorrhage, and are fed by a single feeder artery and drained through a single vein (11, 29, 32, 50) . Conservative treatment strategies without radical resection are used for many reported cases of SRAVMs (1, 3, 4, 7-10, 13, 14, 16, 17, 19-25, 27, 28, 30, 34, 35, 40-42, 44, 47, 49, 51) . Abdulrauf et al. (1) suggested that neovascularization within a thrombosed AVM may lead to lesion recanalization. The management of SRAVMs has not been established. We describe the case of a 34-year-old male with SRAVM who presented with intracerebral hemorrhage. An arteriovenous (AV) shunt remnant was confirmed by intraoperative indocyanine green videoangiography (ICG-VAG) and preoperative angiography indicated spontaneous regres-sion of AVM. In addition, we used the key words "angiographically occult AVM" and "spontaneous angiographic occlusion of cerebral arteriovenous malformations" to perform a comprehensive MEDLINE search for pertinent articles. We also reviewed the references cited in those articles for any specific citations or case histories. The articles in English and Japanese were reviewed. We discuss the various therapeutic treatment strategies for this condition.
CASE REPORT
A 34-year-old male with an unremarkable clinical history was admitted to our hospital after the sudden-onset of a disturbance in consciousness and left hemiparesis. Computed tomography scanning revealed a right frontoparietal intracerebral hemorrhage ( Figure 1A) , and digital subtraction angiography revealed a right frontoparietal Spetzler-Martin grade II (46) arteriovenous malformation (AVM) ( Figure 1B) . A conservative therapeutic approach was employed, but hematoma expansion and the disturbance of consciousness progressed. The patient underwent surgical external decompression on the day of admission. A right frontoparietal craniotomy was performed, and following incision of the dura (Figure 2A ), ICG-VAG was performed. Indocyanine green (ICG:12 mg; 25 mg/10 ml of distilled water) was intravenously infused via a peripheral blood vessel, followed by flushing with 10 ml of physiological saline. We confirmed an AV shunt. (Figure 2B ). We were planning a two-stage surgery at a later date so we did not resect the AVM nidus or treat the ICH; we only performed external decompression. A second digital subtraction angiography was performed on day 19 of the hospitalization to obtain a secondary preoperative angiographic evaluation. However, no AVM was identified ( Figure 1C ). By this time, the intracranial pressure as observed on CT had sufficiently decreased because of the surgical decompression; furthermore, brain edema had improved without the use of osmolar diuretics. Surgical removal of the hematoma followed by cranioplasty was initiated on day 21 of hospitalization. A scalp incision was made over the right frontoparietal region, followed by incision of the dura ( Figure 2C ). ICG-VAG was performed to confirm the presence of the AV shunt remnant before evacuating the hematoma. Although no arteriovenous malformation was identified on angiography, a part of the AV shunt was confirmed in late arterial phase on ICG-VAG. A part of the AV shunt was less visible, and, in spite of being connected by an artery, had slow flow ( Figure 2D ). The nidus was resected after the transcortical hematoma was removed and the feeder arteries were coagulated. The patient's postoperative course was uneventful, with no changes in the neurological deficits. Postoperative digital subtraction angiography revealed no residual AVM. The patient was transferred to another hospital for rehabilitation.
DISCUSSION
We showed that more SRAVMs may recanalize within a shorter period even if an AV shunt is not depicted by preoperative angiography in this report, based on of intraoperative ICG-VAG. In addition, we discuss the treatment strategies of SRAVMs, from the analysis of the data from 132 reported patients with SRAVMs.
Literature Review
A total of 132 patients with SRAVMs have been reported in the literature (1, 3-11, 13-25, 27, 28-37, 39-42, 44, 45, 47, 49-51), including our case. The results are summarized in Table  I . Ninety-five (72%) of these patients received conservative therapy without surgical removal, and 37 (28%) patients were surgically treated (5, 6, 15, 18, 31, 36, 37, 39, 45, 49) . In 25 of the 37 patients who underwent surgery, the initial digital subtraction angiography revealed no AVM; 25 patients were diagnosed with an intracranial mass lesion after the spontaneous disappearance of AVMs (5, 6, 18, 36, 39, 45) . These patients underwent surgical resection for the purpose of histological evaluation, removal of the mass lesion, or controlling epilepsy. In 12 of the 37 patients that underwent surgery, initial digital subtraction angiography revealed an AVM but follow-up digital subtraction angiography did not reveal any AVM (15, 31, 49) , which was similar to the findings in our patient. These patients underwent surgical resection for the removal of an AVM, the removal of an AVM with hematoma, or for possible recanalization (Table II) . To date, only three cases, in whom the SRAVMs recanalized after 39, 31, and 16 months have been reported (9, 35, 31) (Table III) . The rate of recanalization in SRAVM including the 3 previously reported cases and the present case is 3.0% (4/132).
Characteristics of SRAVM
A number of reports have addressed the clinical symptoms, treatment strategies, and factors associated with SRAVMs (7, 10, 18, 45, 49, 50, 51). Abdulrauf et al. (1) reviewed and reported the typical characteristics of SRAVMs. They suggested that a single draining vein, hemorrhagic onset, and a size of <6 cm were characteristic. Intracerebral hemorrhage, similar to that observed in our patient, occurred in 42% of SRAVMs patients (37) . Hemodynamic changes resulting from intracerebral hemorrhage are considered to be the most important factors underlying the cause of SRAVMs. Moreover, a single draining vein and hemodynamic alterations in the intracranial blood flow, including intracranial hemorrhage, were observed in a majority of the patients with SRAVM (44) . A mass effect caused by an intracranial hematoma may decrease blood flow in the AVM to the extent that complete thrombosis occurs in the draining vessels (7, 16, 27, 38) .
Indocyanine Green Videoangiography
Reports have suggested that ICG-VAG is a useful guiding tool during the surgical treatment of AVM (48) . However, to the best of our knowledge, there are no reports on intraoperative ICG-VAG performed to confirm SRAVMs.
In our present case, the AV shunt flow was confirmed by ICG-VAG performed during the first decompression procedure. After the first surgery, a part of the AV shunt was thrombosed according to the mechanism mentioned above.
A second digital subtraction angiography was performed on day 19 of hospitalization, but no AVM could be identified. Meanwhile, the other part of the AV shunt remnant was confirmed by intraoperative ICG-VAG. A part of the AV shunt was less visible, and, in spite of being connected by an artery, had slow flow.
Collectively, angiography is limited by the fact that it cannot reveal the entire AV shunt in SRAVMs. Intraoperative ICG-VAG for SRAVMs is a useful guiding tool that demonstrates the part of the AV shunt that cannot be detected by angiography. (37) reported that the mean time from diagnosis of SRAVMs to complete spontaneous regression was 54 months and that the occlusion can persist for 7 years after thrombosis. In total, 97% of the reported patients with SRAVMs showed no recanalization or rebleeding. However, the remaining 3% of the reported patients with AOAVM recanalization should be considered and close follow-up of SRAVMs is recommended.
Surgical Removal
The AVM shunt remnant was confirmed by ICG-VAG during the second surgery in our patient. The findings from our case study indicate that there is a possibility of a small AV shunt remnant being present in patients with SRAVMs. Thrombosis does not entirely account for the histological presence of angiographically occult lesions, because SRAVMs with AV shunts are dangerous lesions (12). Meanwhile, complete removal of SRAVMs is reported to be relatively straightforward compared with the usual AVMs (8, 11, 14, 36, 43). Surgical removal of SRAVMs is therefore recommended in easy and low-risk cases.
CONCLUSION
Intraoperative ICG-VAG can reveal more SRAVMs that recanalize within a short period even if AV shunts are not depicted by angiography. Surgical removal of an AOAVM should therefore be considered in cases with low surgical risk.
